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The purpose of this article is to review the spectrum of image-based diagnostic tools used in the investigation of suspected deep
vein thrombosis (DVT). Summary of the experience gained by the author as well as relevant publications, regarding vein imag-
ing modalities taken from a computerized database, was reviewed. The imaging modalities reviewed include phlebography, color
Doppler duplex ultrasonography (CDDUS), computerized tomography angiography (CTA) and venography (CTV), magnetic
resonance venography (MRV), and radionuclide venography (RNV). CDDUS is recommended as the modality of choice for the
diagnosis of DVT. A strategy combining clinical score and D-dimer test reﬁnes the selection of patients. Phlebography is reserved
for discrepant noninvasive studies.
Copyright © 2007 Diana Gaitini. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
1. INTRODUCTION
Deep venous thrombosis (DVT) of the lower limb is a com-
mon and life-threatening condition. The incidence in the
United States is estimated at 70–100000 new cases/year with
as many as 200000 hospitalizations/year. It carries a risk of
pulmonary embolism (PE) and the development of post-
thrombotic syndrome. The incidence of PE is calculated at
600000 cases/year, 100000 of them are fatal [1–3]. Risk fac-
tors for lower extremity acute venous occlusion range from,
prolonged immobilization to hypercoagulability syndromes,
trauma, and malignancy. Venous thromboembolism (VTE)
is a leading cause of morbidity and mortality during preg-
nancy and puerperium, and is second only to hemorrhage as
the commonest cause of maternal death during pregnancy
[4]. There is a ﬁvefold increased risk of VTE in pregnant
women compared with nonpregnant women of a similar age
[5].
Malignancy and central venous lines are major risk fac-
tors of upper extremity thrombosis (UEDVT) with predicted
poor survival. The increasing use of indwelling central ve-
nous catheters (CVC) for transparietal feeding, ﬂuid admin-
istration, and chemotherapy has resulted in an increased
prevalence of upper extremity venous thrombosis, although,
the rate of catheter-associated thrombosis decreased in re-
cent years thanks to improvement in biocompatibility and
better insertion and maintenance techniques [6]. UEDVT
may be asymptomatic or the clinical manifestations are not
speciﬁc, presenting with arm or neck swelling or pain. In
more than half of the cases objective methods of examina-
tion are negative for thrombosis. Pulmonary embolism sec-
ondary to UEDVT, sometimes a lethal complication, is not
unusualandhasbeenreportedinacomparableprevalenceto
lower extremity thrombosis. Other signiﬁcant complications
ofUEDVTarelossofvascularaccess,superiorvenacavasyn-
drome, and postthrombotic venous insuﬃciency [7–9].
The clinical complications (from postthrombotic syn-
drome to fatal pulmonary embolism) as well the risk of an-
ticoagulant treatment require a precise diagnosis of DVT.
The clinical diagnosis is unreliable: only 20–30% of symp-
tomatic patients have proven DVT and 90% of fatal PE
are asymptomatic for DVT [10]. Objective methods of ex-
amination are demanded to reach an accurate diagnosis.
Phlebography, computerized tomography angiography fol-
lowed by venography (CTA-CTV) and radionuclide venog-
raphy (RNV) are invasive or semi invasive tests. Color
Doppler duplex ultrasonography (CDDUS), and magnetic
resonancevenography(MRV)arenoninvasivemethods.This
paper highlights the potential risks and beneﬁts of each
of these techniques and presents the advantages, disadvan-
tages, and accuracy of the diﬀerent imaging modalities. An
appropriate imaging algorithm for the diagnosis of DVT
is presented. The use of clinical pretest probability scor-
ing and diagnostic algorithms can help identify patients2 International Journal of Biomedical Imaging
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Figure 1: Normal phlebography. (a) Calf veins. (b) Popliteal vein. (c) Femoral vein at the groin and iliac vein at the pelvis.
requiring further investigation for suspected venous throm-
boembolism (VTE).
2. PHLEBOGRAPHY
Phlebography (also called venography, ascending contrast
phlebography, or contrast venography) is still considered the
gold standard in the diagnosis of peripheral DVT; it is the
most accurate test with a nearly 100% sensitivity and speci-
ﬁcity [11]. This X-ray examination provides an image of the
limb veins after contrast material is injected into a distal
vein (Figures 1(a)–1(c))[ 12]. Main phlebographic ﬁndings
are persistent ﬁlling defect, abrupt interruption of contrast
in a vein, lack of opaciﬁcation in all or some deep veins,
and ﬂow diversion with opaciﬁcation of collateral branches
[13]. Venography relies on the anatomy of the venous sys-
tem, lacking physiological information. It is painful; expen-
sive, exposes the patient to a fairly high dose of radiation;
and can cause complications related to nephrotoxicity and
allergic reactions to iodinated contrast agents. It also carries
a risk for post venographic phlebitis [14, 15]. In about 5%
of cases, there are technical problems in conducting the test.
Due to its invasive nature and the risk of complications, it
cannot be used neither as a routine test for the diagnosis of
symptomatic DVT nor as a screening tool in asymptomatic
patientsathighriskforDVT.Peripheralphlebographyisper-
formedwhenthenoninvasiveexaminationcolorDopplerUS
and duplex Doppler is doubtful or technically limited, such
in suspectedthrombosis ofiliac vein, innominate vein, orsu-
perior vena cava [13].
3. COLOR DOPPLER DUPLEX ULTRASONOGRAPHY
CDDUS is the initial test of choice for diagnosis of acute
DVT due to its high accuracy, relatively low cost, portabil-
ity, widespread, and lack of ionizing radiation [16]. B-mode
ultrasound with Doppler color and duplex is the only non-
invasive imaging test that combines anatomy and physiol-
ogy of the veins by visualization of vein morphology and
the map of ﬂow velocity and direction. It is required as the
primary instrumentation for peripheral venous testing ac-
cording to the standards of the Intersocietal Commission
for the Accreditation of Vascular Laboratories (ICAVL) [17].
CDDUS for the diagnosis of limb vein thrombosis uses a
combination of gray-scale, compression, color, and spectral
Doppler sonography. Color and spectral Doppler analysis
are useful in the diagnostic evaluation of DVT but are best
considered as adjuncts to the conventional compression ul-
trasound examination. The examination is performed by a
high-resolution transducer of 7–10MHz; a lower frequency-
4–8MHz is required for the obese patient, the edematous
limb, and the pelvic veins. The veins scanned comprise the
deep venous system—femoral vein at the groin and along
the thigh, popliteal vein, and tibioperoneal trunk at the up-
per calf—and the conﬂuence of the superﬁcial great saphe-
nous vein with the femoral vein. The deep calf veins are
usually examined when localized pain or swelling is present.
CDDUS ﬁndings of the normal vein are sonolucent lu-
men, easily compressible with a slight pressure exerted by
the probe and centripetal nonpulsatile ﬂow, with respira-
tory phasicity and augmentation after Valsalva performance
(Figures 2(a)–2(c)). An echogenic lumen, depending on
thrombus age, uncompressible and ﬂow devoid is diagnos-
tic of a thrombotic vein (Figures 3(a)–3(c))[ 18–24]. The
main aim of CDDUS is to conﬁrm or exclude vein throm-
bosis. Further information includes thrombus extent and
characterization—fresh or organized, free ﬂoating or at-
tached, and partial or totally occlusive—that have prognostic
valueforthedevelopmentofpulmonaryembolismandpost-
thrombotic syndrome. Patients with proximal DVT tend to
present a slower and incomplete resolution of thrombus and
to develop a more severe post-thrombotic syndrome due






Figure 2: Normal vein. (a) Sonolucent lumen, easily compressible with a slight pressure exerted by the probe. Left side: before compression;
right side: during compression; only the arteries remain visible. Large arrow: common femoral vein (CFV); short arrow: great saphenous




Figure 3: Thrombotic vein. (a) Echogenic lumen, enlarged, noncompressible vein. Left side: before compression; right side: during pressure
exerted by the probe, the vein does not collapse. (b) Thrombus at the bifurcation of the femoral vein, seen as color void and turbulent
surrounding ﬂow. (c) No ﬂow demonstrated on duplex in a thrombotic femoral vein.4 International Journal of Biomedical Imaging
an increased risk of pulmonary embolism, although ﬂoat-
ing thrombus tends to attach to the vein wall or resolve,
not warranting any speciﬁc therapeutic procedure [26]. Fur-
ther diagnostic aims are to detect alternative disorders such
as popliteal Baker’s cyst, hematoma, aneurysm, pseudoa-
neurysm, lymphadenopathy, or other tumors, known as
“pseudothrombophlebitis,” mimicking DVT. The incidence
of these alternative diagnoses is 11–18% [27]. A bilateral ex-
amination is indicated when high-risk patients are screened
andintheworkﬂowofsuspectedPEinpatientswithriskfac-
torsforDVT.Duetoitshighspeciﬁcity,completeultrasound
examination of the proximal and distal veins at least down to
the level of the popliteal trifurcation allows withholding an-
ticoagulant therapy without the risk of major complications.
Isolated calf vein thrombosis does not carry a signiﬁcant ad-
verse outcome; scanning the calf with localized symptoms
or physical ﬁndings is cost-eﬀective. A repeat examination is
warranted if the clinical ﬁndings worsen; otherwise, a single
examination is enough [28]. The sensitivity and speciﬁcity
of USD for the diagnosis of DVT in symptomatic patients is
veryhigh.Compressibilityunderprobepressure(CUS)isthe
most accurate test; for proximal DVT, femoral, and popliteal
veins, compression US reached a sensitivity of 97 to 100%
and a speciﬁcity of 98 to 99%. For isolated calf DVT, the sen-
sitivity dropped to 50–70% and the speciﬁcity to 60%. An
echogenic lumen has a low sensitivity of about 50% for both
proximal and calf DVT, due to the low echogenicity of the
fresh thrombus [29–32]. In a meta-analysis of 100 cohort
studies that compared Duplex US to contrast venography
in patients with suspected DVT; the sensitivity for proximal
DVT was 96.5%, for distal calf DVT, 71.2% and speciﬁcity
of 94.3%; the sensitivity improved in the recent years proba-
bly due to equipment development, US technique used, and
operator expertise [33].
Ultrasonography is the primary imaging modality also
for the diagnosis of upper-extremity thrombosis (UEDVT).
The veins examined include the deep system—internal jugu-
lar, subclavian, axillary, and brachial veins. The superﬁcial
veins—cephalic and basilica—are scanned in case of periph-
erally inserted catheter-related suspected thrombosis. The
fresh clot may be not visualized and the diagnosis done on
the presence of a vein enlarged and rigid, without changes on
respiratory phases or respiratory maneuvers. Useful ﬁndings
to rule-out thrombosis are an echo-free compressible vein,
normal response to respiratory maneuvers-vein collapse on
brief deep inspiration (sniﬀ test), and enlargement on Val-
salva test normal color Doppler and biphasic spectral dis-
play on duplex sonography [34–37] .T h em a i no b s t a c l ef o r
the diagnosis of UEDVT is the presence of overlying bones
on the medial subclavian vein and centrally located veins, in-
nominate and superior vena cava, that makes them diﬃcult
to visualize and impossible to directly assess by compression
techniques.
Spectral Doppler abnormalities in the subclavian vein
may be predictable for central occlusions. Flow void on color
Doppler and a dampened nonpulsatile and nonphasic ﬂow
on duplex examination are diagnostic for a central venous
thrombosis [38]. A reversed ﬂow in the jugular vein may
indicate thrombosis in the innominate vein with the inter-
nal jugular vein serving as a collateral pathway. Patel et al.
[34] related a 100% positive predictive value and 91% neg-
ative predictive value for sonography in the diagnosis of
complete central occlusions. Small nonobstructive thrombus
may remain undiagnosed and large collateral veins misinter-
preted as a normal vein, leading to false negative results. To
overcome some of the limitations of US examination of the
upper limb veins, a small footprint sector transducer from a
supraclavicular or suprasternal approach may be of aid. CD-
DUSisa reliablemethod fordiagnosing CVC-related throm-
bosis of the upper limb veins especially if several parameters
are evaluated in combination [39]. High diagnostic accuracy
of UEDVT was found in 6 prospective studies, with a sensi-
tivity of 78–100% and a speciﬁcity of 82–100% [8, 40–44].
False positive results were unusual. A sensitivity of 100% and
a speciﬁcity of 94% for compression US and color Doppler
US for UEDVT using venography as the reference test ware
reported by Prandoni et al. [44].
Chronicthrombosisinapatientwithlong-termcatheter-
ization is more challenging, as enlargement of the throm-
botic lumen is not present. Color Doppler is even more use-
ful in chronic thrombosis detecting collateral veins and an
echogenic, ﬂow void, and small caliber central vein. Large
veins in an unusual anatomic position and without the ac-
companyingarterymustberecognizedasenlargedcollaterals
and not be mistaken for the main vein. Aliasing due to high
velocities and high pulsatility in the stenosed areas in com-
parison to dampened peripheral waveforms are additional
diagnostic parameters. Frozen valve leaﬂets and echogenic
synerchiasmaybeseenassequelsofpreviousthrombosis[35,
37, 45]. In any case, the diagnosis of catheter-associated deep
venous thrombosis may be diﬃcult. Doppler ultrasound has
a lower accuracy in this setting than it does in lower extrem-
ity venous thrombosis [46].
A particular diﬀerent issue is acute on chronic thrombo-
sis. The enlarged vein with hypoechoic lumen represents an
acute process. Recurrent thrombosis is a challenging diagno-
sis for all imaging modalities. Comparison with a baseline
examination may be helpful in these cases.
The clinical diagnosis of DVT is unreliable, but clini-
cal prediction rules based on signs and symptoms do facil-
itate the categorization of patients into high, low, or medium
risk categories [47]. A diagnostic strategy combining clinical
score, D-dimer test, and compression US may reﬁne the se-
lection of patients. D-dimer assays have a high negative pre-
dictive value in patients with suspected VTE and can exclude
the diagnosis. Based on clinical score and D-dimer test, ve-
nous US will be performed in patients with a high clinical
score, an elevated D-dimer, or both (Figure 4).
Screening patients with plasma D-dimer and ultrasonog-
raphy of the lower limbs may be the most cost-eﬀective strat-
egy. Ascending venography is reserved for patients with neg-
ative or equivocal CDDUS results and a high clinical prob-
ability of DVT [28, 48–50]. In the current state of the art,
CDDUS is the modality of choice for the diagnosis of DVT.
The appropriate examination is compression color duplex
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Figure 4: Algorithm for the diagnosis of DVT in symptomatic patients. By applying a diagnostic strategy based on the clinical score and
D-dimer test; venous USD is performed in patients with a high clinical score, an elevated D-dimer, or both. The appropriate examination is
compressioncolorduplexultrasoundofthecompletevenoussystem,includingthedistalveins,whenfocalsymptomsorphysicalﬁndingsare
present and bilateral examination in the high-risk patient. Contrast venography is reserved for a minority of cases. Modiﬁed from Mantoni
M. Ultrasound of limb veins. Eur Radio 11 : 1557-62, 2001 (with author’s permission).
distal veins when focal symptoms or physical ﬁndings are
present and a bilateral examination in the high-risk patient.
It is an accurate examination and allows an early and safe
diagnosis of thrombosis without straining the patients. It
is the main diagnostic tool in symptomatic patients and in
screening asymptomatic DVT in speciﬁc high-risk popula-
tions. Pitfalls and limitations of venous ultrasound are re-
lated to veins anatomy, ﬂow changes, technical limitations,
and operator expertise.
4. COMPUTERIZED TOMOGRAPHY ANGIOGRAPHY
AND VENOGRAPHY
Multidetector CTA, combined with venous-phase imaging
(CTA-CTV), can accurately diagnose a pelvic vein or infe-
rior vena cava occlusion, sometimes the source of signiﬁcant
pulmonary emboli. Multidectector helical CT (MDCT) of
the chest (100–140mL of contrast medium injected at a rate
of 3mL/s) is followed by venous-phase imaging CT of the
lower limbs without any additional contrast medium injec-
tion [51]. Indirect MDCT venography is acquired from the
upper calves to the mid-abdomen. Thrombosis appears as a
hypodense mass sometimes encircled by the hyperdense rim
of contrast medium. The reported speciﬁcity and sensitivity
compared with ultrasound is variable [52]. Coche et al. [51]
compared the results of CT venography for diagnosing DVT
with those of Doppler sonography and phlebography or re-
peated focalized sonography in case of discrepancy. Sensitiv-
ity and speciﬁcity of CTV were 93% and 97%, respectively
(kappa = 0.88). CT venography in addition to CT pulmo-
nary angiography is a relatively accurate method for evalu-
ation of femoropopliteal venous thrombosis. In a compar-
ative study between CTA-CTV and sonography, Garg et al.
[53] found a 100% sensitivity, 97% speciﬁcity, 100% nega-
tive predictive value, and 71% positive predictive value for
CTV. Satisfactory or good quality CT venography examina-
tion was obtained in 97% of the studies. Two CT venography
studies had false-positive ﬁndings due to ﬂow artifacts. The
authors concluded that combined CT pulmonary angiogra-
phyandCTvenographymaybemoreeﬃcaciousthansonog-
raphy or two separate examinations in the selected patients.
In another trial, CT venography had 93% accuracy com-
pared with sonography in identifying deep venous thrombo-
sis. However, the positive predictive value of CTV was only
67%, suggesting that sonography should be used to conﬁrm
the presence of isolated DVT before anticoagulation is ini-
tiated. CT venography interpretation should be performed
with knowledge of certain pitfalls [54].
The prospective investigation of pulmonary embolism
diagnosis II trial was conducted to investigate the accuracy
of MDCTA alone and combined with venous-phase imaging
(CTA-CTV) for the diagnosis of acute pulmonary embolism
[55].
MDCTA alone had 83% sensitivity, 96% speciﬁcity, and
positive predictive value with a concordantly high or low
probabilityonclinicalassessment.CTA-CTVforPEhad90%
sensitivity and 95% speciﬁcity and was nondiagnostic with a
discordant clinical probability like MDCTA alone. Missing6 International Journal of Biomedical Imaging
diagnoses were due to poor image quality of either CTA or
CTV. According to this trial, MDCTA-CTV has a higher di-
agnostic sensitivity than does CTA alone with similar speci-
ﬁcity in patients with suspected PE. The predictive value of
both of them is high with a concordant clinical assessment,
but additional testing is necessary when the clinical prob-
ability is inconsistent with the imaging results. According
to Cham et al. [56], a substantial number of patients sus-
pected to have PE had DVT in the absence of PE. The com-
bined technique of pulmonary CTA-indirect CTV has been
shown to identify DVT in up to 18% of patients with sus-
p e c t e dP Ew h oh a v en oe v i d e n c eo fe m b o l io nC T P Aa n d
thus could have a signiﬁcant eﬀect on patient care. Indirect
MDCT venography is as accurate as sonography in the diag-
nosis of femoropopliteal DVT and can further reveal throm-
bus in large pelvis veins and the inferior vena cava, an im-
portant advantage over sonographic screening for DVT [57],
although the technique is slightly more time consuming (up
to 4min delay after contrast injection) and has an increased
radiation dose [58].
5. MAGNETIC RESONANCE VENOGRAPHY
Two-dimensional time-of-ﬂight venography (TOF-MRV) is
the technique of choice for magnetic resonance venogra-
phy. Studies may be performed without contrast and can de-
pict emboli as ﬁlling defects or directly detect the thrombus.
MR direct thrombus imaging (MR-DTI) is a novel technique
which detects metahemoglobin, allowing direct visualization
of pulmonary emboli and simultaneous imaging of the legs
without the need for intravenous contrast. This technique
uses a T1-weighted gradient-echo sequence, with a preex-
citation radio-frequency pulse to abolish fat signal, and an
inversion recovery time chosen to nullify signal from ﬂow-
ing blood to maximize thrombus conspicuity. The technique
is 98% sensitive and 96% speciﬁc for diagnosing DVT when
compared with ultrasound and contrast venography. Early
data suggest that MR-DTI is also highly accurate in detection
of PE and the safety of withholding treatment on the basis
of MR-DTI alone is currently being evaluated [59]. Acute
occlusion of the pelvic veins and the inferior vena cava, of-
ten due to extension from the femoropopliteal system, rep-
resents a major risk for PE. Color ﬂow Doppler imaging is
often limited for the diagnosis of iliocaval thrombosis ow-
ing to obesity and bowel gas. Both CT scans and MR imag-
ing can accurately diagnose acute pelvic vein or inferior vena
cava occlusion and are as well helpful in diagnosing central
chest vein occlusion. MRI is preferred because it is noninva-
sive, does not require contrast agent, carries no exposure to
ionizingradiation,thatisdeﬁnitivelydemandedforpregnant
women, and is highly accurate and reproducible [60].
Furthermore, MRV can diﬀerentiate an acute occlusion
from chronic thrombus. In a study designed to evaluate the
diagnostic value of MRV and color Doppler US in the as-
sessment of DVT compared with contrast-enhanced venog-
raphy, MRV was 100% sensitive and 100% speciﬁc in the di-
agnosis of DVT above the knee. Color Doppler imaging de-
picted 13 of 15 cases of DVT and 5 of 6 venous examinations
that had normal results, yielding sensitivity and speciﬁcity
of 87% and 83%, respectively. The diﬀerences in sensitivity
and speciﬁcity between MRV and color Doppler US were not
statistically signiﬁcant [61]. In a recent meta-analysis to esti-
mate the diagnostic accuracy of MRV for DVT, the pooled
estimate of sensitivity was 91.5% (95% CI: 87.5–94.5%) and
the pooled estimate of speciﬁcity was 94.8% (95% CI: 92.6–
96.5%). Sensitivity for proximal DVT was higher than sensi-
tivity for distal DVT (93.9% versus 62.1%) [62]. MR venog-
raphy seems to be more accurate than color Doppler sonog-
raphy in detecting the extension of deep venous thrombo-
sis. Shankar et al. [63] performed two-dimensional gated in-
ﬂow and phase contrast MRV in children with suspected up-
per extremity CVC-related thrombosis, to assess the extent
of venous thrombosis and to locate patent veins for replace-
ment central venous catheter. MRV was more accurate than
Doppler ultrasonography and contrast studies for deﬁning
the extent of venous thrombosis. MRV correctly showed ve-
nous anatomy and patency for reinsertion of CVC. MRV
is considered medically indicated for evaluation of venous
thrombosis or occlusion in the large systemic veins (e.g.,
superior vena cava, subclavian, or other deep veins in the
chest), for diﬀerentiation of tumor thrombus and blood clot
and diagnosis of superior vena cava syndrome. The peer re-
viewed medical literature has not established MRV to be su-
perior to duplex ultrasonography for diagnosis of deep vein
thrombosis in the arms or legs. MRV has not been shown
to be superior to US for lower limb DVT, except in imaging
the deep femoral and hypogastric vessels. However, informa-
tion about these vessels is not needed for management de-
cisions, except in patients with pulmonary emboli where the
sourceoftheembolihasnotbeenidentiﬁedbyultrasonogra-
phy [64]. MRV has the potential to be used as a stand-alone
test for DVT but requires further evaluation. Therefore it is
consideredtobeexperimentalandinvestigationalforthisap-
plication. Due to its high cost and limited availability, MRV
should be reserved to diagnose DVT in patients for whom
ultrasound examination is inappropriate or unfeasible [62]
and to replace venography and CTV in pregnant women and
patients with contraindications to iodinated contrast media
injection.
6. NUCLEAR MEDICINE VENOGRAPHY
The radionuclide investigation of DVT includes such tech-
niques as radionuclide venography and thrombus-avid
scintigraphy. Although these methods have not been as thor-
oughly evaluated as compression ultrasound, studies thus
far have indicated encouraging results, and further inves-
tigations are warranted [65]. Radionuclide venography of
the upper extremity has been described as a reliable non-
invasive procedure for early diagnosis of upper limb ve-
nous thrombosis associated with indwelling CVC. It is per-
formed by injecting both arms with approximately 5mCi
of technetium pertechnetate followed by a normal saline
ﬂush. The dynamic images are acquired on a large ﬁeld of
view camera with a high-energy low-resolution collimator at
the rate of two frames per second [66, 67]. (99m)TC-MAADiana Gaitini 7
radionuclide imaging is a useful method for noninvasive de-
tection of DVT and PTE. Combined radionuclide venogra-
phy and perfusion lung scan can also be performed in the
same setting if Tc99m-MAA is used [68]. The radionuclide
venogram appears accurate in the proximal veins and in ex-
cluding but not diagnosing distal venous thrombosis. The
potential advantages of radionuclide venography versus con-
trast venography are low-volume and low-ﬂow injection, no
need to access a large peripheral vein, no adverse side ef-
fects, low radiation exposure (130mrads), rapidity of execu-
tion, and no patient preparation. The disadvantage is the low
anatomic detail [66, 67].
In summary, invasive testing for venous thromboem-
bolismcanbesafelyavoidedinthemajorityofpatients,using
diagnostic strategies combining noninvasive tests.
Color and duplex ultrasound with manual compression
(CDDUS) is the most sensitive and speciﬁc noninvasive test
and is nowadays accepted as the modality of choice for the
diagnosis of DVT. CT venous-phase imaging at the time of
CT pulmonary angiography and MR venography is com-
parable with venous ultrasonography in the evaluation of
femoropopliteal DVT. The iliac veins and vena cava, vessels
poorly shown on ultrasonography but sometimes the source
of signiﬁcant pulmonary emboli, are also depicted by CT
a n dM Rv e n o g r a p h y .M R Vc a nd i ﬀerentiate an acute occlu-
sion from chronic thrombus. Due to its high cost and lim-
ited availability, MRV is not used for the routine diagnosis
of DVT and should be reserved for the examination of in-
accessible veins on ultrasonography and as a complementary
testinnondiagnosticultrasoundstudiesforpregnantwomen
and patients with contraindications to iodinated contrast
media injection. Studies on venous scintigraphy have indi-
cated encouraging results but further investigations are war-
ranted. A diagnostic strategy combining clinical score, D-
dimer test, and compression US can be used in a systematic
way to reliably rule in or exclude venous thromboembolism.
7. CONCLUSIONS
Due to its high speciﬁcity, a negative examination may pre-
clude anticoagulant treatment. A strategy combining clini-
cal score and D-dimer test reﬁnes the selection of patients.
Phlebographyisthegoldstandardmethodbutisinvasiveand
carriesrisksofcontrastmediacomplicationsandionizingra-
diation. CTV following pulmonary CTA and MRV is useful
to detect iliocaval thrombosis. MRV can diﬀerentiate acute
from chronic thrombosis and diagnose central obstructions.
RNV has low-anatomic detail.
CDDUS is the modality of choice for the diagnosis of
DVT. A diagnostic strategy combining clinical score, D-
dimer test, and CDDUS is recommended. Phlebography is
reserved for discrepant noninvasive studies.
REFERENCES
[1] E. E. Weinmann and E. W. Salzman, “Deep-vein thrombosis,”
New England Journal of Medicine, vol. 331, no. 24, pp. 1630–
1641, 1994.
[2] P. A. Kyrle and S. Eichinger, “Deep vein thrombosis,” Lancet,
vol. 365, no. 9465, pp. 1163–1174, 2005.
[ 3 ]F .A .A n d e r s o nJ r . ,H .B .W h e e l e r ,R .J .G o l d b e r g ,e ta l . ,“ A
population-based perspective of the hospital incidence and
case-fatality rates of deep vein thrombosis and pulmonary
embolism. The Worcester DVT Study,” Archives of Internal
Medicine, vol. 151, no. 5, pp. 933–938, 1991.
[4] A. F. Scarsbrook, A. L. Evans, A. R. Owen, and F. V. Gleeson,
“Diagnosis of suspected venous thromboembolic disease in
pregnancy,” Clinical Radiology, vol. 61, no. 1, pp. 1–12, 2006.
[5] M. J. Bernstein, H. R. Roberts, S. Adel, et al., “Prevention of
venous thrombosis and pulmonary embolism. National Insti-
tute of Health Consensus Development,” Journal of the Ameri-
can Medical Association, vol. 256, no. 6, pp. 744–749, 1986.
[6] M. Levine and A. K. Kakkar, “Catheter-associated thrombo-
sis: thromboprophylaxis or not?” Journal of Clinical Oncology,
vol. 23, no. 18, pp. 4006–4008, 2005.
[7] M. C. Horattas, D. J. Wright, A. H. Fenton, et al., “Changing
concepts of deep venous thrombosis of the upper extremity -
reportofaseriesandreviewoftheliterature,”Surgery,vol.104,
no. 3, pp. 561–567, 1988.
[8] P. Prandoni, P. Polistena, E. Bernardi, et al., “Upper-extremity
deep vein thrombosis: risk factors, diagnosis, and complica-
tions,” Archives of Internal Medicine, vol. 157, no. 1, pp. 57–62,
1997.
[ 9 ] H .J .Ba a r s l a g,M .M .W .K oo p m a n ,B .A .H u t t e n ,eta l . ,“ L o n g -
term follow-up of patients with suspected deep vein throm-
bosis of the upper extremity: survival, risk factors and post-
thrombotic syndrome,” European Journal of Internal Medicine,
vol. 15, no. 8, pp. 503–507, 2004.
[10] P. S. Wells, J. Hirsh, D. R. Anderson, et al., “Accuracy of clin-
ical assessment of deep-vein thrombosis,” Lancet, vol. 345,
no. 8961, pp. 1326–1330, 1995.
[11] DeBakey, E. Michael, and A. M. Gotto Jr., “Invasive diagnos-
tic procedures,” in The New Living Heart, Adams Media, Hol-
brook, Mass, USA, 1997.
[12] K. Rabinov and S. Paulin, “Roentgen diagnosis of venous
thrombosis in the leg,” Archives of Surgery, vol. 104, no. 2, pp.
134–144, 1972.
[13] M. Salcuni, P. Fiorentino, A. Pedicelli, and C. Di Stasi, “Di-
agnostic imaging in deep vein thrombosis of the limbs,” Rays,
vol. 21, no. 3, pp. 328–339, 1996.
[ 1 4 ]R .H u l l ,J .H i r s h ,D .L .S a c k e t t ,a n dG .S t o d d a r t ,“ C o s te f -
fectiveness of clinical diagnosis, venography, and noninvasive
testing in patients with symptomatic deep-vein thrombosis,”
New England Journal of Medicine, vol. 304, no. 26, pp. 1561–
1567, 1981.
[15] D. P. Flanigan, J. J. Goodreau, S. J. Burnham, J. J. Bergan, and
J. S. Yao, “Vascular-laboratory diagnosis of clinically suspected
acute deep-vein thrombosis,” Lancet, vol. 2, no. 8085, pp. 331–
334, 1978.
[16] D. S. Katz and M. Hon, “Current DVT imaging,” Techniques in
Vascular and Interventional Radiology, vol. 7, no. 2, pp. 55–62,
2004.
[17] Intersocietal Accreditation Commisision, “ICAVL: essentials
and standards for accreditation in noninvasive vascular test-
ing. Part II. Vascular laboratory operations - peripheral
venous testing,” 200:1-8. http://www.intersocietal.org/inter-
societal.htm.
[18] C. Kearon, J. A. Julian, T. E. Newman, and J. S. Ginsberg,
“Noninvasive diagnosis of deep venous thrombosis. McMas-
ter Diagnostic Imaging Practice Guidelines Initiative,” Annals
of Internal Medicine, vol. 128, no. 8, pp. 663–677, 1998.
[ 1 9 ]B .G .B i r d w e l l ,G .E .R a s k o b ,T .L .W h i t s e t t ,e ta l . ,“ T h e
clinical validity of normal compression ultrasonography in8 International Journal of Biomedical Imaging
outpatients suspected of having deep venous thrombosis,” An-
nals of Internal Medicine, vol. 128, no. 1, pp. 1–7, 1998.
[20] A.W.A.Lensing,P.Prandoni,D.Brandjes,etal.,“Detectionof
deep-vein thrombosis by real-time B-mode ultrasonography,”
New England Journal of Medicine, vol. 320, no. 6, pp. 342–345,
1989.
[21] P. S. Wells, J. Hirsh, D. R. Anderson, et al., “Comparison of
theaccuracyofimpedance plethysmographyandcompression
ultrasonography in outpatients with clinically suspected deep
veinthrombosis.Atwocentrepaired-designprospectivetrial,”
Thrombosis and Haemostasis, vol. 74, no. 6, pp. 1423–1427,
1995.




[23] J. F. Polak, S. S. Culter, and D. H. O’Leary, “Deep veins of the
calf: assessment with color Doppler ﬂow imaging,” Radiology,
vol. 171, no. 2, pp. 481–485, 1989.
[24] D. Gaitini, J. K. Kaftori, M. Pery, Y. L. Weich, and A. Markel,
“High-resolution real-time ultrasonography in the diagnosis
of deep vein thrombosis,” RoFo Fortschritte auf dem Gebiete
der Rontgenstrahlen und der Nuklearmedizin, vol. 149, no. 1,
pp. 26–30, 1988.
[ 2 5 ] A .M .A s b e u t a h ,A .Z .R i h a ,J .D .C a m e r o n ,a n dB .P .M c G r a t h ,
“Five-yearoutcomestudyofdeepveinthrombosisinthelower
limbs,” Journal of Vascular Surgery, vol. 40, no. 6, pp. 1184–
1189, 2004.
[26] D. Voet and M. Afschrift, “Floating thrombi: diagnosis and
follow-up by duplex ultrasound,” British Journal of Radiology,
vol. 64, no. 767, pp. 1010–1014, 1991.
[27] M. Langsfeld, B. Matteson, W. Johnson, D. Wascher, J. Good-
nough, and E. Weinstein, “Baker’s cysts mimicking the symp-
toms of deep vein thrombosis: diagnosis with venous duplex
scanning,” Journal of Vascular Surgery, vol. 25, no. 4, pp. 658–
662, 1997.
[28] D.Gaitini,“Currentapproachesandcontroversialissuesinthe
diagnosis of deep vein thrombosis via duplex Doppler ultra-
sound,” Journal of Clinical Ultrasound, vol. 34, no. 6, pp. 289–
297, 2006.
[29] S. J. Theodorou, D. J. Theodorou, and Y. Kakitsubata, “Sonog-
raphy and venography of the lower extremities for diagnosing
deepveinthrombosisinsymptomaticpatients,”ClinicalImag-
ing, vol. 27, no. 3, pp. 180–183, 2003.
[30] G. M. Baxter, “The role of ultrasound in deep venous throm-
bosis,” Clinical Radiology, vol. 52, no. 1, pp. 1–3, 1997.
[31] S. Mussurakis, S. Papaioannou, D. Voros, and T. Vrakatselis,
“Compression ultrasonography as a reliable imaging monitor
in deep venous thrombosis,” Surgery Gynecology and Obstet-
rics, vol. 171, no. 3, pp. 233–239, 1990.
[ 3 2 ] A .C o g o ,A .W .A .L e n s i n g ,M .W .M .K o o p m a n ,e ta l . ,“ C o m -
pression ultrasonography for diagnostic management of pa-
tientswithclinicallysuspecteddeepveinthrombosis:prospec-
tive cohort study,” British Medical Journal, vol. 316, no. 7124,
pp. 17–20, 1998.
[33] S. Goodacre, F. Sampson, S. Thomas, E. J. R. van Beek, and A.
Sutton,“Systematicreviewandmeta-analysisofthediagnostic
accuracy of ultrasonography for deep vein thrombosis,” BMC
Medical Imaging, vol. 5, no. 6, 2005.
[ 3 4 ]M .C .P a t e l ,L .W .B e r m a n ,H .A .M o s s ,a n dS .J .M c P h e r s o n ,
“Subclavian and internal jugular veins at Doppler US: abnor-
mal cardiac pulsatility and respiratory phasicity as a predictor
of complete central occlusion,” Radiology, vol. 211, no. 2, pp.
579–583, 1999.
[35] T. M. Kerr, K. S. Lutter, D. M. Moeller, et al., “Upper extremity
venous thrombosis diagnosed by duplex scanning,” American
Journal of Surgery, vol. 160, no. 2, pp. 202–206, 1990.
[36] D. Gaitini, J. K. Kaftori, M. Pery, and A. Engel, “High-
resolution real-time ultrasonography. Diagnosis and follow-
up of jugular and subclavian vein thrombosis,” Journal of Ul-
trasound in Medicine, vol. 7, no. 11, pp. 621–627, 1988.
[37] D.G.Longley, D. E.Finlay, andJ.G.Letourneau, “Sonography
of the upper extremity and jugular veins,” American Journal of
Roentgenology, vol. 160, no. 5, pp. 957–962, 1993.
[38] R. L. Falk and D. F. Smith, “Thrombosis of upper extremity
thoracic inlet veins: diagnosis with duplex Doppler sonogra-
phy,” American Journal of Roentgenology, vol. 149, no. 4, pp.
677–682, 1987.
[ 3 9 ]C .K o k s o y ,A .K u z u ,J .K u t l a y ,I .E r d e n ,H .O z c a n ,a n dK .E r -
gin, “The diagnostic value of colour Doppler ultrasound in
central venous catheter related thrombosis,” Clinical Radiol-
ogy, vol. 50, no. 10, pp. 687–689, 1995.
[40] H.-J. Baarslag, E. J. R. van Beek, M. M. W. Koopman, and J. A.
Reekers, “Prospective study of color duplex ultrasonography
compared with contrast venography in patients suspected of
having deep venous thrombosis of the upper extremities,” An-
nals of Internal Medicine, vol. 136, no. 12, pp. 865–872, 2002.
[41] A. Luciani, O. Clement, P. Halimi, et al., “Catheter-related up-
per extremity deep venous thrombosis in cancer patients: a
prospective study based on Doppler US,” Radiology, vol. 220,
no. 3, pp. 655–660, 2001.
[42] S. Mustafa, P. D. Stein, K. C. Patel, T. R. Otten, R. Holmes,
andA.Silbergleit,“Upperextremitydeepvenousthrombosis,”
Chest, vol. 123, no. 6, pp. 1953–1956, 2003.
[43] E. E. Chin, P. T. Zimmerman, and E. G. Grant, “Sonographic
evaluation of upper extremity deep venous thrombosis,” Jour-
nalofUltrasoundinMedicine,vol.24,no.6,pp.829–839,2005.
[44] P. Prandoni and E. Bernardi, “Upper extremity deep vein
thrombosis,” Current Opinion in Pulmonary Medicine, vol. 5,
no. 4, pp. 222–226, 1999.
[45] T. L. Nack and L. Needleman, “Comparison of duplex ultra-
sound and contrast venography for evaluation of upper ex-
tremityvenousdisease,”JournalofVascularTechnology,vol.16,
pp. 69–73, 1992.
[46] R. D. Bona, “Central line thrombosis in patients with cancer,”
Current Opinion in Pulmonary Medicine,vol. 9, no. 5, pp. 362–
366, 2003.
[47] P. S. Wells, “Advances in the diagnosis of venous thromboem-
bolism,”JournalofThrombosisandThrombolysis,v ol.21,no .1,
pp. 31–40, 2006.
[48] M. Mantoni, “Ultrasound of limb veins,” European Radiology,
vol. 11, no. 9, pp. 1557–1562, 2001.
[49] J. J. Michiels, A. Gadisseur, M. van der Planken, et al., “Screen-
ingfordeepveinthrombosisandpulmonaryembolisminout-
patients with suspected DVT or PE by the sequential use of
clinical score: a sensitive quantitative D-dimer test and nonin-
vasive diagnostic tools,” Seminars in Vascular Medicine, vol. 5,
no. 4, pp. 351–364, 2005.
[50] P. S. Wells, D. R. Anderson, M. Rodger, et al., “Excluding pul-
monary embolism at the bedside without diagnostic imaging:
management of patients with suspected pulmonary embolism
presenting to the emergency department by using a simple
clinical model and D-dimer,” Annals of Internal Medicine,
vol. 135, no. 2, pp. 98–107, 2001.Diana Gaitini 9
[51] E. E. Coche, X. L. Hamoir, F. D. Hammer, P. Hainaut, and P. P.
Goﬀette, “Using dual-detector helical CT angiography to de-
tect deep venous thrombosis in patients with suspicion of pul-
monary embolism: diagnostic value and additional ﬁndings,”
American Journal of Roentgenology, vol. 176, no. 4, pp. 1035–
1039, 2001.
[ 5 2 ]P .A .L o u d ,D .S .K a t z ,D .A .B r u c e ,D .L .K l i p p e n s t e i n ,a n dZ .
D. Grossman, “Deep venous thrombosis with suspected pul-
monary embolism: detection with combined CT venography
and pulmonary angiography,” Radiology, vol. 219, no. 2, pp.
498–502, 2001.
[53] K. Garg, J. L. Kemp, D. Wojcik, et al., “Thromboembolic dis-
ease: comparison of combined CT pulmonary angiography
and venography with bilateral leg sonography in 70 patients,”
American Journal of Roentgenology, vol. 175, no. 4, pp. 997–
1001, 2000.
[54] K. M. Duwe, M. Shiau, N. E. Budorick, J. H. M. Austin, and
Y. M. Berkmen, “Evaluation of the lower extremity veins in
patients with suspected pulmonary embolism: a retrospective
comparisonofhelicalCTvenographyandsonography,”Amer-
ican Journal of Roentgenology, vol. 175, no. 6, pp. 1525–1531,
2000.
[55] P. D. Stein, S. E. Fowler, L. R. Goodman, et al., “Multidetector
computed tomography for acute pulmonary embolism,” New
England Journal of Medicine, vol. 354, no. 22, pp. 2317–2327,
2006.
[56] M. D. Cham, D. F. Yankelevitz, D. Shaham, et al., “Deep ve-
nous thrombosis: detection by using indirect CT venography,”
Radiology, vol. 216, no. 3, pp. 744–751, 2000.
[57] K.-E. Lim, W.-C. Hsu, Y.-Y. Hsu, P.-H. Chu, and C.-J. Ng,
“Deepvenousthrombosis:comparisonofindirectmultidetec-
tor CT venography and sonography of lower extremities in 26
patients,” Clinical Imaging, vol. 28, no. 6, pp. 439–444, 2004.
[58] S. Patel and E. A. Kazerooni, “Helical CT for the evaluation of
acute pulmonary embolism,” American Journal of Roentgenol-
ogy, vol. 185, no. 1, pp. 135–149, 2005.
[59] J. Kelly, B. J. Hunt, and A. Moody, “Magnetic resonance di-
rect thrombus imaging: a novel technique for imaging venous
thromboemboli,” Thrombosis and Haemostasis,v o l .8 9 ,n o .5 ,
pp. 773–782, 2003.
[60] P. Haage, T. Krings, and T. Schmitz-Rode, “Nontraumatic vas-
cular emergencies: imaging and intervention in acute occlu-
sion,” European Radiology, vol. 12, no. 11, pp. 2627–2643,
2002.
[61] J.-P. Laissy, A. Cinqualbre, A. Loshkajian, et al., “Assessment
of deep venous thrombosis in the lower limbs and pelvis:
MR venography versus duplex Doppler sonography,” Amer-
ican Journal of Roentgenology, vol. 167, no. 4, pp. 971–975,
1996.
[ 6 2 ] F .C .S a m p s o n ,S .W .G o o d a c r e ,S .M .T h o m a s ,a n dE .J .R .v a n
Beek, “The accuracy of MRI in diagnosis of suspected deep
vein thrombosis: systematic review and meta-analysis,” to ap-
pear in European Radiology.
[63] K. R. Shankar, L. J. Abernethy, K. S. V. Das, et al., “Magnetic
resonance venography in assessing venous patency after mul-
tiple venous catheters,” Journal of Pediatric Surgery, vol. 37,
no. 2, pp. 175–179, 2002.
[64] S. J. McRae and J. S. Ginsberg, “The diagnostic evaluation of
deep vein thrombosis,” The American Heart Hospital Journal,
vol. 2, no. 4, pp. 205–210, 2004.
[65] M. B. Gotway, K. J. Edinburgh, V. A. Feldstein, J. D. Lehman,
G. P. Reddy, and W. R. Webb, “Imaging evaluation of sus-
pected pulmonary embolism,” Current Problems in Diagnostic
Radiology, vol. 28, no. 5, pp. 133–184, 1999.
[66] R. D. Dhekne, W. H. Moore, C. Peters, S. J. Dudrick, and S. E.
Long, “Upper extremity radionuclide venography in the diag-
nosis and management of venous disease associated with in-
travenous catheters,” Angiology, vol. 39, no. 10, pp. 907–914,
1988.
[67] D. A. Podoloﬀ and E. E. Kim, “Evaluation of sensitivity and
speciﬁcityofupperextremityradionuclidevenographyincan-
cer patients with indwelling central venous catheters,” Clinical
Nuclear Medicine, vol. 17, no. 6, pp. 457–462, 1992.
[68] J. Mangkharak, S. Chiewvit, W. Chaiyasoot, et al., “Radionu-
clide venography in the diagnosis of deep vein thrombosis of
the lower extremities: a comparison to contrast venography,”
Journal of the Medical Association of Thailand, vol. 81, no. 6,
pp. 432–441, 1998.